The Murdoch University Environmental Technology Centre is an operational site where renewable energy systems are integrated into the overall functioning of the Centre within the broader context of Environmentally Sound Technologies (ESTs). Research and training progranunes in renewable energies, energy efficiency strategies and energy conservation and how they integrate with ESTs have been developed. They have been applied through a range of low-cost short courses, undergraduate teaching, industry training initiatives, international and institutional programmes.
INTRODUCTION
The Environmental Technology Centre at Murdoch University (the Murdoch ETC) in Perth, Western Australia was inaugurated in 1994 by the Remote Area Developments Group (RADG) of the Institute for Environmental Science to display and research technologies which were compatible with the concept of Sustainable Development [1] . The Murdoch ETC was initiated out of a concern by RADG to be able to physically demonstrate its research and development proposals for remote Aboriginal conununities. The Murdoch ETC's focus today is much broader and the RADG continues to use it as a base for its remote conununity work.
It is situated on two hectares of former pine plantation which have been revegetated and developed to support a broad range of research, demonstration, education and training activities in the field of Environmentally Sound Technology (EST). With this philosophy in mind, the focus at the Murdoch ETC has been on the major human needs of water, energy, food and shelter. These are not isolated elements, they overlap and inter-relate [2] . For example we need energy to pump water for productive agriculture and agricultural waste can in tum produce energy. All of these elements can be made sustainable through judicious application of appropriate knowledge, science and technology. The 'energy' component of this relationship and indeed the environmental impacts resulting from its management have in recent times been the focus of intense scrutiny such as the 1997 Kyoto Protocol. As a result, the need for ecologically sustainable development is beginning to be addressed and the role of energy, particularly renewable energy forms, within this context is significant. This paper describes the role and progress of the Environmental Technology Centre's training and research programmes within the broader context of renewable energies and its integration with technologies in other areas so as to achieve sustainable development.
CURRENT STATUS Ecologically sustainable development has been described as "development that meets the needs of the present without compromising the ability of the future generations to meet their own needs" [3] . The types of energy we use and how we use them are central factors in determining to what extent we are progressing towards a sustainable world energy system. Indeed increased efficiency in the energy sector has been described as a key to global sustainability [4] . It is widely understood that the energy system needs to be sustainable in two main dimensions: environmentally and socio-economically. Thus the issues and consequences associated with the generation, transmission, distribution, access, availability and use of energy all need to be considered in the pursuit of global sustainable development.
A reduction in dependence on non-renewable fuels such as oil and coal would alleviate one of the main causes of pollution and environmental degradation. Three strategies designed to achieve this goal and which are actively promoted at the ETC are:
1. to change lifestyles and work practices; 2. to improve energy efficiency; 3. to develop and use renewable energy sources [5] .
For maximum benefit, all three strategies should be practiced simultaneously as the global dependence on non-renewable energy sources is profound. Moreover, the global energy demand is increasing at approximately 2% per year and it is essential that the long-term environmental consequences of how countries meet this demand be considered.
One of the main aims of the Murdoch ETC is to develop, demonstrate and diffuse the means by which renewable energy resources can be used most effectively in the context of other environmentally sound technologies. These consist principally of the four main human needs of shelter, water, food and energy.
THE INTEGRATION OF RENEWABLE ENERGY AT THE MURDOCH ETC
Renewable energy technologies used for training and research at the Murdoch ETC consist of a range of wind, solar and biogas powered systems. The main energy supply is provided by a 20 kWh/day turbine and a smaller 5 kWh/day turbine provides power to a DC submersible bore for water pumping. Both turbines are 'Survivor' downwind designs which were designed and manufactured locally. The larger turbine is part of a Remote Area Power Supply (RAPS) system which includes a battery bank of 48 x 2 volt cells, 6 kVA sine-wave inverter and diesel genset backup. The addition of eight 80 W solar panels will soon provide for a complete hybrid RAPS system which is operated and maintained by staff and students and thereby provides an excellent resource for training and research purposes. Further development of the power system will see it become connected by interactive inverter to the main University power sub-grid. Some of the other features of this system are further described in [ 6] .
Solar powered devices include a two-module tracking array which drives a unique plastic positive displacement pump for groundwater that is capable of pumping 10 Vmin on a sunny day. The tracker and pump are both manufactured by a local Western Australian company. A simple, low-cost solar lighting system incorporating a 20 watt solar module and charge controller provides power to research facility. Further, a solar-powered, reverse osmosis desalination unit is powered by a two-module (2 x 60W) tracked array which consists of two shielded tanks using hydrocarbon refrigerant to rotate the array. This desalination unit (Solarflow) was designed at the Murdoch ETC as a collaborative research project with a local manufacturer, currently produces some 400 L/day of potable drinking water from borewater and incorporates a unique energy recovery system for its high efficiency [7] . The unit is currently being commercialised. A larger unit capable of 1,500L/day which is powered by an eight module array has been developed and is currently undergoing trials at the ETC.
A recent development has been the installation of a 200 litre anaerobic digester which produces methane from brewery waste. This unit's insulated jacket incorporates a flow through hot water circuit which is fed from the solar hotwater system on the adjacent stand-alone ablution facility (Remote Area Hygiene Facility) which was developed at the Murdoch ETC [8] . Methane will be captured in a gas bag and fed to the Centre's gas cooking facilities. This unit provides a small-scale research and training resource for a range of student projects which examine biogas production. Solar thermal energy is used for box-cookers, food driers, solar water heaters and for space heating in the passive solar design of all buildings. In addition, low embodied-energy and environmentally-friendly building materials such as strawbale and mudbrick have been used in the recently completed nursery facilities. These structures and the two main buildings at the Murdoch ETC at present, a site office and a seminar building, have all been constructed with climate sensible features incorporated into their design. Recently received funding from the State Government's "Centres of Excellence" program will allow the establishment of a state-of-the-art, energy-efficient, solar passive 200 m 2 office and research facility on-site. Preliminary designs for this building have already been achieved through a design competition conducted by the ETC for Western Australian architecture students. This facility will be powered by the existing RAPS system which will also be upgraded so as to have the capacity to feed any surplus renewablygenerated power back into the University's sub-grid.
If a reduced reliance on non-renewable forms of energy is to be achieved, improvements in energy efficiencies must also be made. The building materials, structures and techniques described above all promote and demonstrate effective, energy efficient measures. Such strategies can provide a vehicle for the diffusion of energy awareness and energy conservation amongst the broader community as described earlier in [6] . The potential energy savings from such an awareness, on a domestic basis, can be made from consideration of the fact that an energy-efficient home in suburban Australia would use 7 kWh/day while an average use would be around 12 kWh/day and of course many would exceed 20.
TRAINING AND RESEARCH PROGRAMMES AT THE ETC The Murdoch ETC employs numerous mechanisms in the training and research of renewable energies ranging from low-cost workshops available to the general public through to hosting international conferences. The Centre also enjoys the relative regulatory freedom associated with a university campus, two hectares of site and the accessibility of being in a metropolitan area. These features allow the Centre to have on display during normal working hours a range of equipment that provides an operational demonstration to a wide range of visitors from international, remote, rural, and urban settings.
A summary of the training and research progranunes held at the Murdoch ETC which promote renewable energy in the context of Environmentally Sound Technologies follows: Short Course Programme: Each year the Centre hosts a range of shortcourses, often held on weekends, on a low cost, non-profit basis. These shortcourses are presented by members of the Murdoch University Environmental Technology & Permaculture Society (MUPETS)-a group of volunteers who carry out much of the physical operation, maintenance and development of the Murdoch ETC. MUPETS is a communitybased, non-profit support group with members coming from a range of backgrounds and experiences, not necessarily academic and this greatly enhances community involvement in the activities of the ETC.
The dominant theme of these shortcourses is the presentation of appropriate, environmentally sound technologies, all of which are functioning at the Centre, and are suitable for the individual. Shortcourses of particular relevance to this paper include "Introduction to Renewable Energy Systems", "Climate Sensible Housing Design", "Build Your Own Solar Cooker and Solar Hot Water Panel" and also on alternative low energy building systems "Strawbale and Mudbrick Construction" shortcourses. All of these shortcourses are held on weekends as either half, full or two day programmes at a cost to participants of approximately AUS$60 per full day. These shortcourses provide a low cost option by which members of the general community are able to increase their understanding, knowledge and skills in renewable energy and energy efficient systems through direct, hands-on learning experiences. Industry Training: this has been provided via a range of mechanisms. Much of the equipment and infrastructure at the Murdoch ETC has been supplied through industry sponsorship. On some occasions this has been in exchange for workshops to company employees on energy efficiency and climate sensible design by RADG/ETC staff. Training on these same topics for specified learning outcomes has been delivered on a regular basis to Aboriginal Environmental Health Workers and Aboriginal Community Health Workers since the Murdoch ETC first opened. The Western Australian "Greenskills" programme now engages the ETC to conduct one week training modules several times a year as part of its Greencorp programme. The ETC provides students with a concentrated five day theory and practical programme which involves energy efficiency, low energy building techniques and renewable energy systems in the context of EST. The W A building industry's Industry Training Centre now uses the Murdoch ETC on a weekly basis to engage its various groups of apprentices, work experience secondary school students and intellectually-retarded youths on the numerous projects under construction on the site including low energy buildings and other research facilities. The Perth-based Centre for the Application of Solar Energy (CASE) has nominated the RADG/ETC as a renewable energy industry training provider.
Undergraduate Teaching: A range of undergraduate units forming components of the Environmental Science degree are taught by staff of the ETC. These include "Environmental Technologies for Sustainable Development", "Pollution and its Control", "Water Conservation and Auditing" and "Environmental Technology Applications". In addition, Independent Study Contracts (ISC) and final year student projects on sustainable energy-related topics based at the ETC are undertaken all year round. All units provide case studies or topics for student discussion in the area of Environmentally Sound Development and the contribution of renewable energy technologies and energy efficient principles towards this end. Such teaching and the approaches demonstrated at the Murdoch ETC were transferred to the field for the second time this year with the latest unit "Environmental Technology Applications" conducted in a remot~ Aboriginal community. An increasing amount of time is being spent by ETC staff in remote Aboriginal communities through such projects as well as the remote community upgrade integrated design approach initiated by the RADG [9] .
The total number of students involved in the above units is typically in excess of two hundred annually and provides an effective mechanism for the diffusion of renewable energy technologies to university students via research and independent study.
International Programmes: The United Nations Environmental Program (UNEP) has recently designated the Murdoch ETC as an Environmental Technology Centre for the Asia-Pacific Region. Such Centres have already been established in Europe, Japan (headquarters), Latin America and Africa and these Centres are demonstration and research sites designed to feed environmental research results and technologies into industry and government. Together they form a substantial network for research and demonstration of environmental technologies. Through partnering arrangements with other UN agencies, other intergovernmental organisations and the scientific community internationally, these Centres have unique access to environmental technologies, research expertise and international markets.
Institutional Programmes: Many of the State Government departments are represented on the Murdoch ETC Advisory Committee and in addition to collaborative research projects with these and other corporate bodies provide many opportunities for on-going research and training. Examples include sponsorship of national and international conferences held by the ETC at Murdoch University such as the 1997 International Conference on Environmental Technologies for Wastewater Management [10] and the 1999 World Renewable Energy Congress.
FUTURE WORK Future work on training and research programmes at the ETC will be focussing predominantly on three fronts:
A substantial upgrade of the existing RAPS system which will coincide with the new state-of-the-art , energy efficient office and laboratory buildings. Significant industry support and involvement in this project is currently being sought as well as cross institutional linkages for joint training purposes. This will greatly enhance industry training, student teaching and allow further public courses to be initiated; Integrated design initiatives for remote Aboriginal communities conducted through the RADG require a broad understanding of the social, cultural and technological interactions. The RADG's work in these communities continues to grow as does the need for the sensitive application of environmentally sound technologies. The role of effective energy efficiency strategies well as power augmentation with renewable sources is vital particularly given the increasing cost of diesel to supply power to many of these remote communities.
Further development of the ETC's interpretive signage is also proposed to enable a much greater throughput of visitors to go on self-guided tours without having to be limited by the availability of staff on site. This will greatly enhance the Centre's accessibility to the general public as well as raising the awareness of visitors and students to the need for energy conservation.
CONCLUSIONS
The Murdoch Environmental Technology Centre demonstrates a fully operational site where renewable energy systems are integrated into the overall functioning of the Centre. It is in the broader context of Environmentally Sound Technologies that the research and training programmes are carried out. These programmes have been applied through a range of low-cost short courses, undergraduate teaching, industry training initiatives, international and institutional programmes. The ETC will continue to expand on these initiatives through greater community accessibility, expanded on-site research and teaching facilities and through the RADG in its remote area projects.
